atoxyl. Mesnil and Brimont (1908b) demonstrated it in a strain of Trypanosoma evansi resistant to atoxyl. A further complication of the subject is that the species of experimental animal used plays a large part in the inheritance of the drug-fast character. This has been clearly demonstrated by Breinl and Nierenstein (1908) , Moore, Nierenstein and Todd (1908) and Mesnil and Brimont (1908c) .
In vwo studies on organisms other than protozoa were first reported by Morgenroth and Kauffmann (1912) who observed the development of resistance to optochin in mice by pneumococci.
A distinct parallelism between resistance in vivo and that in vitro has been reported by Mesnil and Brimont (1908b) in studies on the use of tartar emetic in experimental surra. Broden and Rodhain (1908) , however, in the treatment of human trypanosomiasis noted 1 case in which the resistance of a strain of Trypanosoma lewisi to tartar emetic was very great mn vttro but was not apparent in vivo. Ehrlich (1909) noted the exact opposite in 1 case of experimental trypanosomiasis in the mouse. The organisms were highly resistant to partially oxidized arsenophenylglycine in vivo but were subnormally resistant in vitro. Gonder (1911) found that arsenic-fast strains of Trypanosoma lewisi obtained in vivo did not lose their resistant character on artificial culture media. The relation between tn vivo and in vitro resistance has been found to be of great theoretical and experimental value by Feirer, Meader and Leonard (1926) .
The demonstration in vitro of the power of adaptation in bacteria to the unfavorable environment produced by continuous cultivation in a medium containing antiseptics was first made by Kossiakoff (1887) . Abbott (1891 Abbott ( , 1912 observed an increase in the resistance of Staphylococcus aureus to the germicidal action of HgCl2 by a process of artificial selection. Trambusti (1892) was able to produce an acclimatization to HgCl2 in several species of organisms. Danysz (1900) produced an arsenic-fast strain of B. anthraCis. Marks (1910) increased the resistance of a strain of Salmonella sutpestifer to arsenious acid eight-fold and noted a simultaneous increase in its resistance to antimony of RESISTANCE OF STRAINS OF ESCHERICHIA COLI forty-fold. Altmann and Rauth (1910) reported the development of strains of E. coli which were markedly resistant to phenol. Masson (1910) found that the acquired resistance of his organisms to such substances as HgCl2 CuS04, resorcinol and salicylic acid was temporary and might at any time be superseded by increased sensitivity. Regenstein (1912) reported the development of resistance to cresol, saponified solution of cresol and to zinc sulphocarbolate in a strain of Staphylococcus aureus which had been grown in a medium containing phenol for several generations. He produced a strain resistant to HgCl2 and found it to be resistant also to HgBr2 and Hg(CN)2. Meader and Feirer (1926) working with AgNO3, mercurochrome, formaldehyde and acriflavin found that the drug-fastness obtained in strains of E. coli, Eberthella typhi and Aerobacter aerogenes was highly specific and that its development to one of these substances was often accompanied by an increased sensitivity to the others.
Beginning with the work of Dreser (1893) many workers have demonstrated that the dissociated portion of mineral acids and simple salts thereof is chiefly or perhaps entirely responsible for the effects of these substances on bacterial viability. He found that the inhibiting effect of mercuric salts on yeast could be counteracted by the addition of potassium hyposulphite. He explained this by the fact that the double salt formed does not give free mercuric ions on dissociation, a point well established by the behavior of its solutions in a potential gradient. This idea was in complete accord with the results of Koch (1881), Behring (1890 ), Heider (1892 and others who showed the direct relationship between rise in temperature and increase in disinfectant power.
The idea first formulated by Dreser has been confirmed and extended by many workers in the field of microbiology. Notable among these are the studies of Paul and Kr6nig (1896) , Kronig and Paul (1897), Scheurlen and Spiro (1897) , Bial (1897 Bial ( , 1902 , Minervini (1898), Winslow and Lochridge (1906) and Chick (1908 Chick ( , 1910 Of numerous studies on the effect of cations upon bacterial growth those of Eisenberg (1918) , Holland (1922) and Hotchkiss (1923) were the first to call attention to the fact that the various cations differ only in degree of potency. They have demonstrated that Na+ and K+, commonly known as favorable to bacterial growth, are markedly toxic in sufficiently high concentrations. Furthermore, these observers have noted that Pb++ and Hg++, usually referred to as toxic, are stimulating in sufficiently high dilution, a fact previously noted for the effects of phenol, trikresol, HgCl2 and arsenicals upon the growth of spirochaetes by Bronfenbrenner and Noguchi (1913) . In this connection Shaughnessy and Winslow (1927) have shown that, whereas weak solutions of sodium salts increase the permeability of the bacterial cell wall, stronger solutions decrease its permeability. They have also shown this to be true for solutions of calcium salts although a considerable difference in degree of potency was noted. Moreover, Winslow and Dolloff (1928) Hotchkiss (1923) , by Winslow and Dolloff (1928) , by Winslow and Haywood (1931) and by others working in the same laboratory.
All salts used were chlorides of the highest purity obtainable. All glassware used in these studies was carefully cleaned by placing it in dichromate cleaning solution for twenty-four hours with a subsequent series of four rinsings in warm distilled water.
The following media were used in determining the critical bacteriostatic concentrations of the salts:
1. The peptone solution, used by Hotchkiss (1923) and by Winslow and Dolloff (1928) The medium described by Doll6ff (1926) furnishes an admirable menstruum for the study of salt action. Its relatively simple composition assures uniform results with several lots of media. This uniformity is a potent factor in an investigation so consum- Dolloff (1928) have apparently confused molality with ionic strength. Whereas these two terms are equivalent for solutions of salts containing two univalent ions, this is not true of the solutions of any salt containing a bivalent ion. Reference to the Lewis and Randall (1923) (1910) who, by increasing the resistance of Salmonella 8uipe8tifer to arsenic, increased by an even greater quantity its resistance to antimony. GENERAL 
CONCLUSIONS
Under the experimental conditions involved in so far as they apply to the specific cations and organisms studied the following conclusions are valid:
1. The relative bacteriostatic and germicidal potencies of cations follow each other in the same ascending series for each strain of the organism.
2. The germicidal potency of any cation occupies the same relative position in a series of such potencies as does the bacteriostatic potency in its homologous series. 3. Acquired resistance to the bacteriostatic action of one cation induces a comparable increase in resistance to the bacteriostatic and germicidal action of other cations with different chemical properties.
These considerations suggest that both the bacteriostatic and the germicidal effects of cations are produced by identical or intimately related properties, probably physico-chemical in nature. Furthermore, they indicate that the defense mechanism invoked by the organism undergoing artificial sitmulation of resistance to bacteriostatic and germicidal power is the same for all cations.
Assuming the theory of disinfection postulated by Bancroft and Richter (1931) to be true, these studies indicate that all cations function in the same manner in producing precipitation of the emulsoid colloids of the bacterial cell. It is possible that the
